Previous research on the spatiotemporal dynamics of exogenous and endogenous attentional allocation during saccade preparation yielded conflicting results. We hypothesize that this can be explained by the cueing type used to orient attention in a perceptual task. We investigated the time-course of attentional allocation as a function of cueing type (central vs peripheral), spatial congruency of the cued perceptual and saccade task locations, and cue validity in a dual-task paradigm. Participants performed a visual discrimination task during saccade preparation. We found that central and peripheral cues differentially affected the time-course of attentional allocation depending on spatial congruency and cue validity. Peripheral cues quickly and transiently oriented attention to the cued location. In the congruent condition, attention was maintained by the pre-saccadic attention shift, but declined in the spatially incongruent condition. Central cues slowly oriented attention to the cued location. In the congruent condition, attention was boosted by the pre-saccadic attention shift compared to a slower increase in the spatially incongruent condition. The pre-saccadic attention shift -the automatic and obligatory shift of attention to the saccade target -observed in the invalid spatially incongruent condition was not differentially affected by the cueing type orienting attention away from it. Our results suggest that exogenous and endogenous attention is dynamically and flexibly allocated to cued locations during saccade preparation while pre-saccadic attentional resources are progressively shifted to the saccade target irrespective of the cueing type. We argue that attentional selection for perception represents a partially independent process in contrast to the pre-saccadic attention shift.
Introduction
Our natural surroundings are cluttered with a dazzling amount of visual stimuli. This vast load of information makes it necessary to tease apart relevant from irrelevant information for an orderly functioning of our capacity-limited perceptual and motor systems. Attention has been suggested to fulfill such a selection mechanism for perception and action, facilitating the processing of stimuli at and motor actions to selected locations in space (Allport, 1987; Castiello, 1996; Duncan & Humphreys, 1989; Neumann, 1987; Posner, 1980; Schneider, 1995; Treisman & Gelade, 1980) . Previous research suggests an intimatehowever, still not entirely understood -coupling between attention and eye movements (Awh, Armstrong, & Moore, 2006; Deubel & Schneider, 1996 , 2003 Kowler, Anderson, Dosher, & Blaser, 1995; Rizzolatti, Riggio, Dascola, & Umiltá, 1987; Smith & Schenk, 2012) . For example, the visual attention model (Schneider, 1995) proposes that selectionfor-perception and selection-for-action are closely coupled processes which are mediated by a common visual attention mechanism.
Behavioral experiments using dual-task paradigms, in which participants perform a visual discrimination task either at a saccade target or a non-saccade target location, showed that visual processing capabilities at the saccade target location increase during saccade preparation (Born, Ansorge, & Kerzel, 2013; Deubel, 2008; Rolfs, Jonikaitis, Deubel, & Cavanagh, 2011) . Importantly, attentional resources can also be allocated to non-saccade target locations during saccade preparation, but less effectively (Castet, Jeanjean, Montagnini, Laugier, & Masson, 2006; Deubel, 2008; Moehler & Fiehler, 2014; Moehler & Fiehler, 2015; Montagnini & Castet, 2007) .
Studies investigating the temporal dynamics of attentional allocation to saccade and especially perceptual non-saccade target locations yielded conflicting results. Using a dual-task paradigm, Deubel (2008, exp. 2) used valid and invalid peripheral cues to spatially orient attention in a perceptual task, while the saccade task was centrally cued. He found that attention was quickly allocated to the peripherally cued location and remained at a high level when the saccade was directed to the same location (spatially congruent). When attention was oriented away from the saccade goal (spatially incongruent), perceptual performance was initially at a similar high level. However, with approaching saccade onset, perceptual performance decreased suggesting a withdrawal of attentional resources from the non-saccade target location. When the peripheral cue invalidly oriented attention away from the saccade location (invalid spatially incongruent), but the probe appeared at the saccade target location, perceptual performance was at chance long before saccade onset. However, when saccade onset approached, perceptual performance increased suggesting that attention was automatically and obligatorily shifted to the saccade target during saccade preparation. In contrast, when participants were verbally informed, i.e., they had prior knowledge about the perceptual target location which was kept constant across the experimental block, attentional resources were progressively allocated to the spatially congruent location of the perceptual and the saccade target as compared to the fast attentional allocation using peripheral cues (Deubel, 2008, exp. 1) . However, when the perceptual and saccade task were spatially incongruent, perceptual performance surprisingly remained stable close to chance throughout saccade preparation (for similar results see Born et al., 2013) . Seemingly, participants did not use their prior knowledge of the perceptual target location.
Importantly, such block-wise verbal cueing tasks fundamentally differ from peripheral cueing tasks. First, keeping the saccade target or the perceptual target constant across the experimental block might undermine the flexibility in attentional allocation and saccade planning by reducing attentional demands and facilitating automatic and stereotyped movements and attentional responses. Thus, covert attentional orienting as well as motor planning in such conditions lack flexible selection processes compared to randomly varying target settings, and are hardly comparable to conditions in which the peripheral cue re-orients attention on each single trial. Second, the cueing procedures differ in timing. In the verbal cueing tasks, the cue is given before the block whereas in the peripheral cueing condition, the cue appears at a fixed time point on each trial. Therefore, attentional processes triggered by verbal instructions or by peripheral cues may operate at different scales, with a rather poor temporal control of endogenous orienting due to prior knowledge. Third, verbal cueing is associated with endogenous attentional orienting to the instructed location while peripheral cueing is associated with exogenous attentional orienting and both processes have been shown to exhibit different time courses (Berger, Henik, & Rafal, 2005; Cheal & Lyon, 1991; Jonides, 1981; Mueller & Findlay, 1988; Mueller & Rabbitt, 1989) .
We hypothesize that the cueing type strongly contributes to the spatiotemporal modulations of perceptual performance during movement preparation. As outlined before, previous studies examining exogenous and endogenous attention during saccade preparation applied cueing tasks which were hardly comparable. The use of visually presented central cues would provide an answer as they are associated with endogenous attentional orienting at a predefined point in time and from trial to trial, comparable to visually presented peripheral cues associated with exogenous attentional orienting. For the first time, we directly compare the effects of endogenous and exogenous orienting of attention to a perceptual target location during saccade preparation. In a dual-task paradigm, we investigated cueing effects on the time-course of attentional allocation in different trial types (congruent, incongruent, invalid incongruent). To this end, we varied whether a central or a peripheral cue oriented attention to the perceptual target location (cueing condition). To investigate the coupling of visual attention for perception and action, we manipulated the spatial congruency of the cueing directions of a perceptual and a saccade task. Therefore, the cued saccade target location could either coincide with the cued perceptual target location or not (spatial congruency). In order to examine the pre-saccadic attention shift, we used a validity manipulation in the spatially incongruent condition. The perceptual target cue could orient attention away from the saccade target, although the perceptual target would appear at the saccade target location (validity). For the peripheral cueing condition, we expect to replicate the findings by Deubel (2008) showing high and stable perceptual performance during saccade preparation in congruent trials, initially high but decreasing performance with saccade onset approaching in incongruent trials, and initially low but increasing performance in invalid incongruent trials due to the presaccadic shift of attention. In contrast to stable perceptual performance throughout saccade preparation due to prior knowledge, we expect that perceptual performance increases in the central cueing condition due to the associated slow nature of endogenous attentional orienting. In congruent trials, performance should increase more strongly compared to incongruent trials as additional attentional resources come from saccade preparation. In the invalid spatially incongruent condition, we expect a similar pre-saccadic attention shift as in the peripheral cueing condition as the saccade task is always centrally cued.
Previous studies suggested that saccade parameters -especially saccade accuracy, precision, and curvature -are sensitive to the orientation of covert attention away from the saccade target during movement preparation (Born et al., 2013; Kowler et al., 1995; Moehler & Fiehler, 2014; Moehler & Fiehler, 2015; Sheliga, Riggio, & Rizzolatti, 1994 , 1995 , i.e., movement performance is decreased when attention is oriented away from the movement goal. Here, we asked whether the cueing type (central vs peripheral) differentially affects movement performance in congruent compared to incongruent trials.
Methods

Participants
Ten naive participants (right-handed, six female, age range: 20-27 years, M = 22.8, SD = 2.53) with normal or corrected-to-normal vision took part in the study and received course credit or payment for their time of participation. The experimental procedures were approved by the local ethics committee and were in line with the requirements of the Declaration of Helsinki (2008).
Apparatus
Participants were seated in a lit room in front of a table. A chin and forehead rest restrained their head. We used a VIEWPiXX monitor (22.5 in. LCD monitor, VIEWPixx, VPixx Technologies, Saint-Bruno, Québec, Canada, refresh rate 100 Hz, screen resolution 1920 × 1200 pixels) on which we presented visual stimuli. Participants viewed these stimuli on the monitor at a distance of 50 cm. Presentation® (Version 19.0, www.neurobs.com) controlled stimulus presentation. We used a tower-mounted EyeLink 1000 to record movements of the participants' right eye (SR Research, Mississauga, ON, Canada; sampling rate 1000 Hz) which was calibrated before each experimental block (13 point calibration). A keyboard with defined start and response buttons was fixed on the table in front of the participant.
Stimuli
Visual stimuli were presented on a medium grey background (50%). The fixation cross (0.6°× 0.6°) and the colored arrows (width = 0.6°, height = 0.6°) were presented centrally on the screen. Four boxes (width = 1°, height = 1°) framing a random dot pattern (0.9°× 0.9°, randomly arranged black and grey squares; width = .03°, height = .03°) defined the target locations for the perceptual and the saccade task which were presented at an eccentricity of 5°around the fixation cross (at 10:30, 1:30, 4:30, and 7:30 o'clock) . The distractors (vertically oriented Gabor patches; width = 0.9°, height = 0.9°; 50% contrast; 3 cycles per picture, Gaussian envelope) and the probes (counterclockwise or clockwise oriented Gabor patches; 1-45°) had the same size as the random dot patterns. For the response, the question "Counterclockwise or clockwise?" was presented in the center of the screen.
Procedure
We adjusted the difficulty of the perceptual orientation discrimination task by using an adaptive staircase procedure (128 trials, weighted 3-down, 1-up; starting value: 23°deviation from vertical; step size: 1°; range: 1-45°; interleaved clockwise and counterclockwise probes; separate staircases for blocked central and peripheral condition). Participants were instructed to fixate the central fixation cross, covertly attend to the centrally or peripherally cued peripheral target location, and to discriminate the orientation of the probe which appeared 250 ms after the cue. The staircase corresponding to the respective cueing condition (central vs peripheral) was performed before the training block of the experiment, the first experimental block, and each consecutive experimental session. The mean orientation (rounded to integer) of the last 32 trials of the respective staircase constituted the Gabor patch used in the current experimental session (M = 6.91°, SD = 2.97°; there were no differences between peripheral and central condition).
Before the experiment, we instructed participants to treat the orientation discrimination and the saccade task equally and to execute the saccade as accurately, precisely, and quickly as possible. Participants performed one training block (256 trials) for each cueing condition before the experimental blocks. The stimulus sequence of one example trial for the central and the peripheral cueing condition is shown in Fig. 1 . The starting screen contained the central fixation cross and four boxes framing a random dot pattern. Participants fixated the fixation cross and pressed a designated start button on a keyboard to start each trial. The perceptual target cue (PT-cue) appeared after a delay (500 ms) and indicated the likely location of the probe (50 ms). In the central cueing condition, a yellow arrow appeared at the location of the central fixation cross which served as central PT-cue. In the peripheral cueing condition, the box around one random dot pattern turned yellow and served as peripheral PT-cue. The delay of 250 ms after the PT-cue was fixed in trials with positive stimulus onset asynchronies (SOA). In trials with negative SOAs (i.e., probe and distractors appeared before the ST-cue), probe and distractors appeared during this particular interval before the ST-cue at the indicated SOAs relative to the ST-cue. Thus, in trials with negative SOAs, the delay after the PT-cue varies from 50 to 200 ms depending on the respective negative SOA. For example, a SOA of −200 ms results in a delay of 50 ms between PT-cue offset and probe onset, a SOA of −150 ms results in a delay of 100 ms, etc.
In case of negative SOAs the trial continued as following. The delay after the PT-cue (50, 100, 150, 200 ms; this translates to negative SOAs relative to the ST-cue (−200, −150, −100, −50 ms)) was followed by the probe and the distractors (50 ms) which replaced the random dot patterns. Then, probe and distractors were masked by a new random dot pattern. Afterwards, the ST-cue replaced the central fixation cross (1 s) and indicated the ST location. Then, a screen querying for the orientation of the probe ("Counterclockwise or clockwise") appeared until a response was given. Participants responded with a left (counterclockwise) or right (clockwise) button press on the keyboard. In case of positive SOAs (i.e., probes and distractors appeared with or after the ST-cue) the trial continued as following. A fixed delay (250 ms) was followed by the ST-cue which replaced the fixation cross and indicated the ST location. After an SOA (0, 50, 100, 150, or 200 ms relative to the ST-cue), the probe and the distractors replaced the random dot patterns (50 ms) and were then masked by new random dot patterns (1000 ms). Participants indicated their response as described for the negative SOAs. The duration of the interval between PT-cue and ST-cue was the same for positive and negative SOAs (250 ms).
A pseudorandom trial sequence was used for each participant. In total, participants performed nine blocks (each 256 trials) for each blocked cueing condition. We counterbalanced the sequence of cueing conditions across participants. Each ST-cue, PT-cue, SOA, and probe occurred equally likely. Therefore, there were 25% congruent trials and 75% incongruent (thereof 75% valid and 25% invalid; for a similar procedure see Deubel, 2008) .
Data analysis
Date were analyzed with R (R Version 3.3.3, R Development Core Team, 2016, www.R-project.org) and MatLab R2013a (The Math Works Inc., Natick, MA). We parameterized saccadic eye movements with custom-made software written in MatLab (Koenig, 2010) .
The first correct saccade from each trial was used for data analyses. Correct saccades were determined by the following criteria. Saccade latency had to be longer than 100 ms and shorter than 500 ms relative to the ST-cue. Saccade onset had to occur later than the probe offset. Saccade onset and offset errors had to be smaller than 3°. Additionally, offset errors had to be smaller relative to the ST location than to the non ST locations. These criteria led to an exclusion of 10,533 trials (22.86%). Additionally, curvature (see definition below) outliers (greater or smaller than 3 SD from the mean), were excluded (558 trials, 1.57%). Due to the binning procedure (see below), we excluded trials in which saccade latency relative to probe offset was longer than ms, −100 ms, −50 ms) refer to probe and distractors appearing before the ST-cue during the delay between PT-cue and ST-cue (i.e., this delay varies depending on the negative SOAs but is fixed to 250 ms for positive SOAs). Importantly, the total time between PT-cue and ST-cue is the same for positive and negative SOAs. For better illustration, we partially changed size and color of stimuli as well as the background color. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
T. Moehler, K. Fiehler Vision Research 143 (2018) 26-33 500 ms (218 trials, 0.62%). In total, 11,309 (24.54%) trials were excluded across participants, leading to a final number of 34,771 trials. In order to evaluate the time-course of perceptual performance, we examined perceptual performance time-locked to the onset of the saccade relative to the offset of the critical perceptual probe. We built five time bins based on a 100 ms time window ranging from 500 ms to 0 ms indicating probe offset relative to saccade onset in ms. Previous studies used a similar procedure to investigate the attentional dynamics during saccade preparation (Born et al., 2013; Deubel, 2008; Doré-Mazars, Pouget, & Beauvillain, 2004; Rolfs et al., 2011) .
To test whether perceptual performance was influenced by cueing condition (central and peripheral), trial type (congruent/valid, incongruent/valid, and incongruent/invalid), and time bin (−500: − 400, −400: −300, −300: −200, −200: −100, −100: 0), we conducted 2 × 3 × 5 repeated measures analyses of variance (RM-ANOVA). To analyze whether saccade parameters (latency, accuracy, and precision) were influenced by cueing condition (central vs peripheral) and spatial congruency (congruent vs incongruent), we conducted 2 × 2 RMANOVAs. In order to test whether saccade curvature was influenced by the spatial orientation of covert attention (left or right relative to the saccade target; baseline corrected for curvature in congruent trials for each saccade target) and cueing condition (central vs peripheral), we performed 2 × 2 RM-ANOVAs. We chose an alpha of .05 to evaluate statistical significance. Sphericity was controlled with Mauchly's test (Mauchly, 1940) . The Huynh-Feldt method (Huynh & Feldt, 1976 ) was used to adjust the p-values when sphericity was violated. As an effect size measure, we used the generalized eta-squared (Bakeman, 2005) .
Dependent variables
We measured perceptual performance in percentage of correct responses in the discrimination task. The time in milliseconds between the ST-cue onset and saccade onset defined the saccade latency. The average distance between saccade endpoint and saccade target in degrees of visual angle defined the saccade endpoint error. The standard deviation of the distance between saccade endpoint and saccade target in degrees of visual angle defined the variability of saccade endpoint errors. Saccade curvature was measured with a trapezoidal method (Ludwig & Gilchrist, 2002) as the area between the trajectory and a straight line from the start to the endpoint of the saccade. We then normalized curvature by dividing the area by the squared amplitude and multiplying this value by 100 (Koenig & Lachnit, 2011; Moehler & Fiehler, 2014 , 2015 . Then, we calculated difference scores based on the PT-cue orientation relative to the ST-cue (PT-cue left or right relative to ST-cue) and the baseline curvature (congruent trials) for each participant and ST. Negative values refer to leftward and positive values refer to rightward curvature. Fig. 2 depicts discrimination performance as a function of time bin, cueing condition, and trial type. Perceptual performance was affected by trial type (F (2,18) = 12.56, p < .001, η 2 = .29) and time bin (F (4,36) = 7.86, p = .004, η 2 = .08). These main effects were modulated by a two-way interaction between cueing condition × time bin (F (4,36) = 3.57, p = .044, η 2 = .02), trial type × time bin (F (8,72) = 3.58, p = .002, η 2 = .05), as well as a by a three-way interaction between cueing condition × trial type × time bin (F (8,72) = 3.08, p = .015, η 2 = .04). There was no main effect of condition (F (1,9) = 3.61, p = .09) and no significant interaction between cueing condition × trial type (F (2,18) < 1). We performed separate cueing condition × time bin ANOVAs for each trial type which were further evaluated by one-factorial ANOVAs. We found that in congruent trials perceptual performance was affected by time bin (F (4,36) = 9.15, p = .002, η 2 = .15) and by a two-way interaction between cueing condition × time bin (F (4,36) = 5.83, p = .001, η 2 = .11). There was no main effect of cueing condition (F (1,9) = 3.40, p = .10). The cueing condition × time bin interaction was due to an effect of time bin on perceptual performance in the central cueing condition (F (4,36) = 10.74, p < .001, η 2 = .33), but not in the peripheral cueing condition (F (4,36) = 1.24, p = .31). As can be seen in Fig. 2 (left panel), this pattern of results indicates that perceptual performance in congruent trials increased with time bin when the perceptual target was centrally cued but remained stable over time when it was cued peripherally. Note that the small drop in performance between the two time bins closest to saccade onset was not significant (t (9) = −1.42, p = .19). Perceptual performance of the incongruent/valid trial type was affected by a two-way interaction between cueing condition × time bin (F (4,36) = 8.73, p < .001, η 2 = .05). There were no further effects (Fs < 1.12, ps > .35). Separate ANOVAs for each cueing condition showed that the time bin influenced perceptual performance in the central (F (4,36) = 3.18, p = .024, η 2 = .09) and in the peripheral cueing condition (F (4,36) = 2.69, p = .046, η 2 = .05). As shown in Fig. 2 (central panel), perceptual performance in incongruent/valid trials increased with time bin in the central cueing condition, but decreased with time bin in the peripheral cueing condition. The small drop in performance between the two time bins closest to saccade onset was not significant (t (9) = −1.37, p = .20).
Results
Discrimination performance
For the incongruent/invalid trial type, we found that perceptual performance was affected by time bin (F (4,36) = 5.56, p = .001, η 2 = .18), indicating that the perceptual performance in incongruent/ invalid trials increased with time irrespective of the cueing condition (Fig. 2, right panel) . There were no further effects (Fs < 1.23, ps > .31).
Perceptual performance during negative SOAs
In addition to the illustration of perceptual performance time-locked to probe offset relative to saccade onset, Fig. 3 depicts perceptual performance time-locked to the SOA in valid cueing conditions. This shows the general effects of the cueing types per se irrespective of the time after the ST-cue (collapsed across spatially congruent and incongruent trials). Separate one-way ANOVAs showed that perceptual performance increased as time passed after the central cue has been presented (F (4,36) = 3.10, p = .027, η 2 = .06) whereas perceptual performance remained stable (F (4,36) < 1) in trials with peripheral cues.
Saccade parameters
Results for saccade parameters (latency, endpoint error, variability of endpoint error, and curvature) are illustrated in Fig. 4A-D . Saccade parameters were analyzed with respect to the cueing condition and spatial congruency. Saccade latency was affected by congruency (F (1,9) = 10.05, p = .011, η 2 = .20) and by a two-way interaction between congruency × cueing condition (F (1,9) = 9.55, p = .013, η 2 = .02). Separate ANOVAs for each cueing condition showed that spatial congruency affected saccade latencies in the central cueing condition (F (1,9) = 17.14, p = .003, η 2 = .37). However, this effect fell short of significance in the peripheral cueing condition (F (1,9) = 4.49, p = .063). There was no main effect of cueing condition (F (1,9) < 1). The main effect of congruency on saccade endpoint errors fell short of significance (F (1,9) = 4.95, p = .053). There was no effect of cueing condition (F (1,9) = 1.60, p = .24) and no interaction between cueing condition × trial type (F (1,9) < 1).
For the variability of the saccade endpoint errors, we observed an effect of congruency (F (1,9) = 10.53, p = .01, η 2 = .09). Saccades in the congruent trials (M = 0.56°, SD = 0.09°) were more precise than saccades in the incongruent trials (M = 0.61°, SD = 0.06°). There were no other main effects or interactions (Fs < 3.15, ps > 0.10). Saccade curvature was affected by the direction of the PT-cue T. Moehler, K. Fiehler Vision Research 143 (2018) 26-33 relative to the ST-cue (PT-cue left or right relative to the ST-cue). That means, saccade curvature systematically varied depending on the PTcue which directed covert attention either to the left or to the right nonsaccade target location relative to the saccade target location (F (1,9) = 28.04, p < .001, η 2 = .52), suggesting that saccades curved away -in the opposite direction -from the locus of covert attention (M attend-left-baseline : −0.64%, SD attend-left-baseline : 0.82; M attend-right-baseline : 0.92%, SD attend-right-baseline : 0.66). No other main effects or interactions affected saccade curvature (Fs < 1).
Discussion
We investigated the spatiotemporal dynamics of exogenous and endogenous attentional allocation during saccade preparation in a dualtask paradigm. Therefore, we manipulated the cueing type (central vs peripheral) which oriented attention to the perceptual target location, the spatial congruency of the cued perceptual and saccade task locations (congruent vs incongruent), and the validity of the probe in incongruent trials (incongruent: valid vs invalid). To evaluate the timecourse of attentional allocation, we presented the perceptual target at various time points during the trial and assessed perceptual performance as a function of probe offset relative to saccade onset (for similar procedures, see: Born et al., 2013; Deubel, 2008; Doré-Mazars et al., 2004; Rolfs et al., 2011) . In addition, we studied the effects of the cueing type and spatial congruency on saccade parameters.
Spatiotemporal dynamics of attention during saccade preparation
We found that the cueing type differentially affected the time-course of perceptual performance depending on spatial congruency and the validity of the perceptual target cue. In the spatially congruent condition, in which the perceptual and the saccade task spatially coincided, peripheral cues led to a quick orienting of attention to the perceptual target location as indicated by high perceptual performance long before saccade onset. This high performance level was maintained throughout saccade preparation. Such a transient orienting of attention has been associated with the deployment of exogenous attention, whereas the maintained performance level suggests the involvement of additional attentional resources allocated to the target location by the pre-saccadic attention shift (Deubel, 2008; Rolfs et al., 2011) . However, we cannot rule out an additional endogenous attentional component which might maintain perceptual performance due to the predictability of the probe location by the peripheral cue. When a central cue associated with endogenous attentional orienting guided attention to the perceptual target location, perceptual performance was at chance level long before saccade onset. Attentional resources were allocated to the perceptual target location during saccade preparation as indicated by the increase in perceptual performance. This suggests that central cues led to an increase of attentional resources at the perceptual target location which were additionally boosted by the pre-saccadic attention shift. Deubel (2008) similarly showed that peripheral cues quickly orient attention to the cued location, and that perceptual performance in the spatially congruent condition is maintained throughout saccade preparation. When participants were verbally informed about the constant perceptual target location, he also found an increase in perceptual performance in congruent trials which parallels our results from the central cueing condition. Further evidence suggests that implicit cueing of the perceptual task by the relative angle to the central saccade target cue or prior knowledge of the perceptual target location leads to a gradual improvement of perceptual performance in the congruent condition (Born et al., 2013; Castet et al., 2006) . Together, we replicate previous findings on the temporal modulation of exogenous attentional allocation during saccade preparation. Moreover, our results show that trialwise central cueing of a perceptual task during spatially congruent saccade preparation results in an increase of endogenous attention, similar to block-wise verbal or implicit cueing.
In the valid spatially incongruent condition, in which the perceptual and the saccade task were spatially dissociated and the perceptual target cue validly indicated the probe location, peripheral cues led to a quick but transient orienting of attention to the perceptual target location, as supported by previous research (Deubel, 2008) . Perceptual performance at the peripherally cued location was highest long before T. Moehler, K. Fiehler Vision Research 143 (2018) 26-33 saccade onset, but decreased during the preparation of a saccade to a different location. Non-predictive peripheral cues should result in a stronger decrease in perceptual performance as an endogenous attentional component partially alleviates the transient of exogenous attention. In contrast, central cues led to an increase of attentional resources at the perceptual target location. Perceptual performance was low long before saccade onset, but then increased during saccade preparation to a different location. This finding differs from previous studies providing prior knowledge about the perceptual target location which showed that perceptual performance at endogenously instructed locations remains stable during saccade preparation (Born et al., 2013; Deubel, 2008) . Importantly, Deubel (2008) verbally instructed participants about the perceptual target location before each block in which the perceptual target location was kept constant. In contrast, we centrally cued the perceptual target location on each individual trial and cues varied randomly. Therefore, two fundamental differences in cueing might explain the apparent differences. First, verbal instruction as well as central cues might both trigger voluntary endogenous attention. The central cue is visually presented on each trial at the same point in time which should lead to a similar and comparable orienting response across trials. In contrast, the time-course of the orienting response during blocked verbal cueing is less clear and may differ from trial to trial. Second, randomly varying or keeping the perceptual target location constant across the experimental block may influence attentional orienting due to different attentional demands and different degrees of automated and stereotyped selection processes for perceptual and motor planning. Castet et al. (2006) found a gradual improvement of perceptual performance at cued non-saccade target locations which supports our findings from the central cueing condition. Critically, in their study participants had to infer the perceptual target location on each trial as its location was implicitly cued by the angle relative to the saccade cue, i.e., participants had prior knowledge of the perceptual target location; however it was necessary to flexibly orient attention to a randomly varying location from trial to trial. Although we used central cues to direct attention to perceptual target locations, participants also had to flexibly orient attention to varying locations on each trial. Therefore, a gradual increase of attentional resources during saccade preparation -more strongly for saccade than non-saccade locations -can be attributed to an endogenous trial-by-trial selection of perceptual and saccade targets. Our results suggest that cueing types play a major role in explaining the spatiotemporal dynamics of attentional allocation during saccade preparation. By systematically varying the cueing type for the perceptual task during saccade preparation and the spatial relation between perceptual and saccade tasks, our results show that central and peripheral cues lead to different spatiotemporal dynamics of attentional allocation during saccade planning. In the invalid spatially incongruent condition, in which the cueing directions of the perceptual and the saccade task were spatially incongruent but the perceptual probe unexpectedly appeared at the saccade target location, we found that the cueing type did not differentially affect the time-course of the pre-saccadic attention shift. Perceptual performance increased during saccade preparation from chance long before saccade onset. Our findings are in line with previous research on pre-saccadic attention shifts showing a similar time-course of increasing perceptual performance during saccade preparation with or without peripheral cueing orienting attention away from the saccade goal (Deubel, 2008; Rolfs et al., 2011) . Therefore, the pre-saccadic attention shift seems to operate independently of the attentional shift for perceptual purposes irrespective of whether attentional orienting is guided exogenously, endogenously, or at all. Previous research suggested that covert attention and pre-saccadic attention might be independent and separate processes with the pre-saccadic attention shift representing an action-specific form of attention (Blangero et al., 2010; Montagnini & Castet, 2007) . As we only centrally cued the saccade task, pre-saccadic attention shifts triggered by peripheral saccade cues might yield different results.
Previous studies differ in the type of cueing procedures which may affect the spatiotemporal deployment of covert attention. Here, we used a fixed temporal delay between PT-cue and ST-cue of 250 ms which is suitable to investigate exogenous and endogenous attentional orienting during saccade preparation with equal temporal spacing of probes around the ST-cue. Using a variable instead of a fixed delay might reveal biases in the spatiotemporal deployment of covert attention in anticipation of the centrally cued saccade task. While shorter delays might favor the exogenous component, longer delays might favor the endogenous component of attentional allocation. One could speculate that a varying delay shifts early perceptual performance depending on the cueing type and the length of the interval, but not the general pattern of attentional allocation. As a result of the fixed interval, participants could predict when the ST-cue appeared. Since they fixated at the central location from the start of the trial until saccade onset, overt attention was already at the location of the ST-cue and should have a T. Moehler, K. Fiehler Vision Research 143 (2018) 26-33 small and unspecific effect on the allocation of covert attention. In addition, if the expected ST-cue would have interfered with attentional allocation, one should see a drop in perceptual performance at a SOA of 0 ms. However, we did not observe that perceptual performance at this SOA was worse compared to the previous SOAs. Importantly, even when the movement target has not been specified during negative SOAs, the brain is already engaged in movement planning due to the anticipation of the movement task (Gallivan, Logan, Wolpert, & Flanagan, 2016; Gertz, Lingnau, & Fiehler, 2017; Munoz & Wurtz, 1995; Van der Stigchel, Meeter, & Theeuwes, 2006) . Therefore, even during negative SOAs attentional resources for perception and action are competing and negative SOAs cannot be considered a pure attentional task for perception. We used predictive cues for the perceptual target location in order to compare our results with the findings by Deubel (2008) . However, this may have introduced an additional endogenous attentional component in the peripheral cueing condition. Perceptual performance for negative SOAs remained stable at a high level when peripheral cues oriented attention although one might expect a decrease of performance. This could be explained by an endogenous component maintaining attention at the peripherally cued location, in addition to the pre-saccadic shift of attention. Moreover, the use of predictive cues might also account for the mild decrease in perceptual performance in the incongruent valid condition, which may be stronger when using non-predictive peripheral cues.
Saccade parameters
Attention does not only affect perceptual processing, but also plays a key role in movement planning (Allport, 1987; Neumann, 1987; Rizzolatti et al., 1987; Schneider, 1995) . We found that orienting attention away from the movement goal results in deteriorated saccade parameters as compared to orienting attention to the movement goal. Saccades were initiated slower when attention was oriented away from the saccade goal. This finding is in line with previous research using dual-task paradigms (Born et al., 2013; Deubel, 2008) . These effects were more pronounced in the central compared to the peripheral cueing condition which might indicate that deliberately attending to a non-saccade target location delays saccade initiation. However, this difference was small and should therefore not be overstated. Although the congruency effect on saccade accuracy fell short of significance, previous studies showed that saccade endpoints are less accurate when attention is oriented away from the saccade target (Born et al., 2013; Moehler & Fiehler, 2014 , 2015 . Descriptively, saccades were less accurate in incongruent than in congruent trials. For saccade precision, we found that saccades were less precise in the spatially incongruent than in the congruent condition which is supported by our previous findings (Moehler & Fiehler, 2014 , 2015 . Saccade curvature represents a sensitive marker for spatial attention with saccades curving away from covertly attended locations (Sheliga et al., 1994 (Sheliga et al., , 1995 Van der Stigchel, 2010; Van der Stigchel et al., 2006) . Here, we found that saccades curved away from the attended non-saccade location irrespective of whether a central or a peripheral cue oriented attention away from the saccade goal. Previous studies on peripherally or centrally triggered saccades showed that saccade curvature away from task-irrelevant distractors is similar for reflexive and voluntary saccades (Doyle & Walker, 2001 ). We extend these findings by demonstrating that the type of orienting attention away from the saccade target to a perceptual task location did not differentially affect centrally triggered saccades. In general, none of the spatial saccade parameters (accuracy, precision, and curvature) was differentially affected by the cueing type which suggests that saccade planning is in general but not differentially deteriorated when attention is oriented away from the saccade goal.
Conclusions
Covertly allocating attention to non-saccade target locations interferes with saccade preparation leading to deteriorated spatial saccade parameters. Inferior saccade performance was not differentially affected by the cueing type (central vs peripheral) suggesting a general influence of attentional orienting on saccade planning. In contrast to previous studies, this study highlights the role of flexible selection processes for perception and action using randomly varying target locations and allows a direct comparison of different cueing types associated with exogenous and endogenous attentional orienting during saccade preparation. Our results suggest that covert exogenous and endogenous spatial attention is dynamically and flexibly allocated to cued locations during saccade preparation while pre-saccadic T. Moehler, K. Fiehler Vision Research 143 (2018) 26-33 attentional resources are automatically and obligatorily shifted to the saccade target locations irrespective of the cueing type. This indicates, at least, partial independence of attentional selection processes for perception and action.
